Cutans are common fabric features in soil and represent foci of chemical and biological reactions. The influence of cutans on potassium forms and their transformations were investigated for a Western Australian grey clay soil. Cutans and matrix soil had similar clay mineral associations with kaolinite, smectite and illite being present, but had different chemical properties. The organic carbon content of cutans was higher than for matrix soil, while pH values and oxalate extractable/dithionate extractable iron (Feo/Fed) ratios were lower. Numerous SEM-EDS single point analyses of cutans and the plasma phase of the matrix soil indicated that the mean value of K concentration in cutans is greater than in matrix soil, and that the K concentration decreased with distance from cutan to matrix. Chemical extractions showed mean values of total K and latent exchangeable K were higher for cutans than for matrix soil, but both fixed K and exchangeable K values were the same for cutans and matrix soil. In a K adsorption/desorption experiment, 35% of K adsorbed by matrix soil could not be desorbed by 1 M NH 4 Ac. These results indicate that cutans are relatively enriched in K and may play an important role in determining available K and latent exchangeable K due to the special physical and chemical environments they provide in the soil.
Introduction
Potassium forms in soil have been a key focus in studies of soil fertility. Much work has addressed bulk solution chemistry and mineralogy (Martin; Bouabid; Sharpley; Buhmann and ) . The influence of microscopic features of soil fabric on potassium forms and availability has not been thoroughly investigated. This is a marked deficiency as the availability of all plant nutrients is affected by the extent of soil-root contact as determined by soil structure and the associated distribution of roots and nutrients. Void cutans are argillans formed by illuviation of clay into soil voids or cracks during soil development. They are one of the common fabric features in soils and can comprise a substantial proportion of the soil volume (Brewer, 1976) . Research on cutans is usually pedologically and micromorphologically focused and commonly concentrates on their mineralogical composition, formation mechanisms and relationships with water movement (Rebertus; Chartres; Jakobsen; Sullivan; McBurnett and Venugopal) . Because cutans occupy special positions in soil and are affected strongly by the external environment they are commonly different from the matrix soil much of which is within protected peds. Cutans closely interact with air, roots, microbes, soil water and dissolved ions so that cutans might be enriched in or depleted of plant nutrients relative to matrix soil. Consequently, cutans may have an important influence on the transformation and availability of plant nutrients including potassium. There may be an important link between rhizosphere and pedological processes in cutan lined voids which is generally ignored in research on plant nutrition (Martin and Sparks, 1985) . We investigated the contents, forms and distribution of potassium in cutan and matrix soil of a Grey Clay Soil from Katanning Western Australia to determine if cutan and matrix soil differ in their capacities to supply K to plants and fix applied K.
Materials and methods

Soil sampling and descriptions
Fifteen soil samples were collected from 10 profiles to a depth of 1 m from grey clay soils on a level alluvial plain in the Katanning region of Western Australia. A description of a representative soil profile is given in Table 1 . Parent material is clayey alluvium that was possibly deposited under lacustrine conditions upon a truncated lateritic saprolite. In the Katanning region, the mean daily temperature is 13-30 °C in January and is 6-14 °C in July, annual evaporation capacity is 1488 mm and the annual rainfall is 483 mm occurring mostly in June-August. The soils belong to the Grey Clay group of soils (Ug5.24, McArthur, 1991) and are commonly dry and cracked for much of the dry season (summer). Subsoil horizons usually exhibit a coarse polyhedral to columnar structure. The polyhedral peds are coated by cutans and their macro-porosity consists mainly of planar channels of 0.5-1.5 mm width. The soils also contain large vertical cracks from the surface down to a depth of 60-90 cm, which represents the limits of the coarse prismatic structure (Bruand et al., 2001) . These cracks are almost totally filled by sandy-clay materials with a relatively high organic carbon content. Cutan material on ped surfaces was concentrated by scraping it off with a sterile blade and a paired sample of bulk matrix soil was taken from an adjacent ped interior.
Analyses of soil and cutan properties
Samples were dried in an oven at 105 °C prior to analysis. The clay minerals of cutans and soils were investigated with a Philips PW 3020 X-ray powder diffractometer using monochromated CuKα radiation generated at 50 kV and 20 mA. The XRD patterns were obtained from both random powders and oriented clays after removing free Fe by the DCB method and after Mg-glycerol saturation and K saturation, respectively. The pH (H 2 O) of soil and cutan samples was measured using a 1:5 sample/solution and after the samples had been equilibrated for 1 h on an end-over-end shaker. Organic carbon was determined by combustion in a LECO induction furnace after the samples had been washed once in 0.2 M HCl to remove carbonate. The particle-size distribution was determined by the pipette method after hydrogen peroxide treatment (Gee and Bauder, 1986) . Extractable Fe was dissolved in ammonium oxalate (0.2 M, pH 3.0, 4 h in dark) (McKeague and Day, 1966) , and dithionitecarbonate-citrate, DCB (Mehra and Jackson, 1960) . Oxalate extractable iron is referred to as Feo and DCB extractable iron is referred to as Fed. Total K was extracted by digestion (125 °C) of the samples in aqua regia on an AIM500 programmable block digestor. Acidextractable K and exchangeable K were dissolved by boiling in 1.0 M HNO 3 and 1.0 M NH 4 Ac for 10 min, respectively. Fixed K is considered to be total K minus HNO 3 -extractable K. Latent exchangeable K is defined as HNO 3 -exchangeable K minus exchangeable K. K sorption and desorption measurement on matrix soil were performed as follows. Matrix soil samples were washed once with 0.2 M HCl, then were washed once with 1 M NaCl and then with water. Some of the treated sample was added to 2.5 μmol/ml K solution in 0.01 M NaCl (soil/solution=1:25) and shaken on a reciprocal shaker at 150 cycles/min for 24 h at 25 °C. The subsamples with K adsorbed were washed twice with ethanol. Another of the HClethanol treated samples, which was not added to K solution, was taken as a blank sample. Next the exchangeable K in the samples with adsorbed K and blank samples was extracted with 1 M NH 4 Ac. Fe and K in the various solutions were measured with a Perkin-Elmer Model 5000 atomic absorption spectrophotometer. Polished thin sections of soils containing peds and cutans were made by the resin impregnation method of Fitzpatrick (1984) . They were polished in kerosene, carbon-coated and examined using a JEOL6400 scanning electron microscope operated at 15 kV and 5 nA, equipped with an Oxford Link systems energy dispersive X-ray analyzer. Spectra of cutan and matrix were collected at 5000-7000 counts per second for 30 live seconds, elemental compositions were determined using the ZAF correction method. Analyses are expressed on an ignited sample basis and are not directly comparable to analyses obtained on an oven dried basis (105 °C). Large numbers of single point analyses on the thin sections as well as element mapping of small areas gave detailed information about K contents and the distribution of K in cutan and matrix materials.
Results and analyses
General properties
Significant statistical differences existed between matrix soil and cutan (t-test) for pH, carbon content, Feo content and Feo/Fed ratio, but not for clay concentration and Fed content ( Table  2 and Table 3 ). The mean clay concentration in cutans (452 g kg −1 ) was almost identical to that (446 g kg −1 ) of the matrix soil. As cutan materials were collected by scraping ped surfaces with a blade some matrix soil material was inevitably included in the cutan separate. However, it appears that cutans are not significantly enriched in clay.
K contents and forms
In plain light, the cutans appeared as a continuous parallel dark band in thin sections. The width of the bands was 200-300 μm ( Fig. 2a ) with clay showing strong continuous parallel orientation in cutans under crossed polarizers (Fig. 2b) . Line profile chemical analyses and area chemical analyses were made using the EDS facility of the SEM including more than 160 SEM-EDS single point elemental analyses of cubic micrometer volumes of cutans and matrix soil (Fig. 3) . The K concentration decreased systematically with increasing distance from the cutan (K 2 O, 13 g/kg) to matrix soil (K 2 O, 9 g/kg) ( Fig. 3 and Fig. 4 ). Note that large sand grains were avoided in the EDS analysis. There was a significant statistical difference in K 2 O content between cutan and matrix soil (t-test) for all thin sections except for sample A1. The mean values of K concentration for cutan were systematically higher than for matrix soil for all five thin sections (Table 4 ).
General discussion
The generally higher values of total K and latent exchangeable K in cutans relative to matrix soil are not related to differences in clay concentration. No systematic relationships between the latent exchangeable K concentration and the clay concentration in the cutans or the matrix soil were identified (Fig. 5) . This difference in K content is also not related to differences in clay mineralogy between cutan and matrix soil as cutans and the matrix soil have the same clay mineral suite with only nonsystematic minor variations in relative abundance. The soils also do not contain significant amounts of K-bearing primary minerals such as K-feldspar, so differences in K concentration can not be associated with non-clay minerals. Cutans contain more organic matter than matrix soil and differences in K concentration may derive from more K being present in the organic matter complex. However, soil organic matter usually contains little K. Other possible reasons for a higher K concentration in cutans may include the following. Tables   Table 1. Description of a representative soil profile   Table 2 . Typical properties of the matrix soil and cutans for a representative soil profile Table 3 . Average values of properties of the cutans and matrix soil for all profiles (all results for oven dried 105 °C samples) Table 5 . Concentration of several forms of K in cutans and matrix soil (all results for oven dried 105 °C samples) Fig. 5 . The relationship between latent exchangeable K content and clay concentration for cutans and matrix soil. These data indicate that differences in latent exchangeable K content are not simply due to difference in the clay concentration and that cutans generally contain more exchangeable K than matrix soil. Fig. 6 . The relationship of Feo/Fed ratio with Fed for cutans and matrix soil. These data indicate that the Feo/Fed ratio for the cutans is generally lower than that for the matrix soil. 
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